Studies on atherosclerotic lesions in several experimental animals have indicated that regression could occur if serum cholesterol levels returned to baseline values, e.g." monkey (Vesselinovitch et 01., 1976; Chakravartic et 01., 1977; Malinow et 01., 1978 Malinow et 01., , 1983 Malinow et 01., ,1984 Hollander et 01., 1984) , swine (Daoud et 01., 1976; Fritz et 01., 1976; Jacobsson et 01., 1982) , chicken (Horlick et 01., 1949; Peterson et 01., 1951;  Pick et 01., 1952), rabbit (Adames et 01., 1973;  Vesselinovitch et 01., 1974; Adames & Morgan, 1977; Goulding et 01., 1983) and dog (Bevans et 01., 1951; DePalma et 01., 1970) . Blankenhorn et 01. (1987) suggested that lack of progression and regression of atherosclerotic lesions occurred in some humans when cholesterol levels were lowered moderately for 3 years. However, the reversibility of atherosclerotic lesions such as fibrous plaques and fatty streaks remains controversial (Friedman & Byers, 1963; Gupta et 01., 1972; Adames et 01., 1973) .
Tanigawa et 01. (1986) showed that a high-fat and high-cholesterol diet induced atherosclerosis in G6ttingen Miniature Swine. The lesions were of two types as shown by differences in the hist"ologicalarchitecture of the arterial wall. One lesion consisted of fatty streaks in the thoracic aorta where the arterial wall was of the 'elastic type'. The other lesion consisted of fibrous plaques in the abdominal aorta, iliac artery and elsewhere and here the arterial walls were of the 'transitional' or 'muscular' type.
The purpose of the present study was to confirm whether or not the atherosclerotic lesions (fatty streaks and fibrous plaques) induced by feeding a lipid-enriched diet to Gottingen Miniature Swine, would regress, after the serum cholesterol levels had returned to normal.
Materials and methods

Animals
Twelve adult (6 males and 6 females) Gottingen Miniature Swine/csk (Research Laboratories CSK, Laboratory Animal Co. Ltd, Suwa, Nagano, Japan) each weighing between 25 and
Results
General observations
The swine remained in excellent health throughout the experimental period and the body weights of animals in both groups increased gradually throughout the 15-month period. The weight gains in both the control and experimental groups during atherosclerosis induction period were the same (data not shown).
Serum lipids
During the first month of the experiment, {1lipo, TC, FF A and PL values increased rapidly in the experimental group (Table 1) . In females, {1-liporose to 1600± 699 mg/ dl and TC increased to 1055± 211 mg/dl and the elevation was more marked in females than males. However, {1-lipo, TC, FF A and PL values showed a general tendency to decline after the first month of the atherosclerosis induction period. At 1 month after the return to the conventional diet, values for {1-lipo,TC, FFA and PL in general returned to the levels seen in the pre-experimental period, and subsequently remained at the baseline level. TO showed no changes during the period of the experiment.
Changes in plasma lipoproteins are shown in Fig. 1 . In the experimental group, during the first month of the induction period, the relative proportion of {1-lipoincreased to 62·9 ± 2·16,10 whereas a-lipo decreased to 26·9 ± 3·36,10.The proportion of {1-lipo(60-67 ± 4 -116,10) remained above that of a-lipo (29' 80 ± 4, 506,10) throughout the induction period. However, during the first month of the regression period, the ratio of {1lipo and a-lipo returned to pre-experimental levels and remained at these values for the remainder of the study. No significant changes were observed in {1-lipo and a-lipo levels in
Statistical analysis and presentation of results
Results were compared by t-test and are presented as means ± SD.
Serum lipid analysis
To determine serum lipid values, animals were bled from the pre cava immediately before the start of the study, and at 1, 3, 6, 7, 8, 9, 12 and 15 months. Serum was analysed for triglyceride (TG), total cholesterol (TC), {1-lipoprotein ({1lipo), phospholipid (PL), free fatty acid (FFA), using a Rotochem IIa autoanalyser (Aminco, USA). Lipoprotein analysis was carried out by cellulose acetate electrophoresis.
Autopsy procedure and preparation of specimens for microscopic examination At 6,7, 12 and 15 months (experimental group) and 15 months (control group) 2 animals (one male, one female) were killed by exsanguination under pentobarbital sodium (Nembutal; Abbott Labs, USA) anaesthesia and autopsied. The aorta was removed, cleaned of adventitial fat, opened longitudinally along the mid-dorsal line, and photographed. Samples from a series of aortic 36 kg were used. The ages ranged from 7 to 12 sites were taken for histological examination. months. Each animal was housed in a met~l cage' Tissues were fixed in Bouin's solution and
(600 x 900 x 850 mm) in an open system. Prior to stained with Elastica Van Gieson. The extent the beginning of the experiment, all animals were and severity of the aortic lesions were evaluated fed a conventional pig diet ('NS'; Nisseiken Co.
microscopically. The assessment of regression Ltd, Japan) (water, 11· 56,10; protein, 15'16,10; fat, was performed by comparison with the findings 2· 96,10; roughage, 5' 26,10; mineral salts, 7' 46,10; at 6 months (positive control). carbohydrate, 57, 96,10). The animals were divided into 2 groups; an experimental group (5 males, 5 females) and a control group (one male, one female). Animals in the experimental group were fed an atherogenic diet consisting of the conventional diet plus 156,10 beef tallow and 1·56,10 cholesterol for a 6-month period (the atherosclerosis induction period). Thereafter, the experimental group was fed the conventional diet for a further 9-month period (the regression period). Animals in the control group were fed the conventional diet for 15 months. All swine were fed 500 g of diet daily with tap water ad libitum. Fig. 2 . Section from the thoracic aorta after feeding an atherogenic diet for 6 months. A fatty streak is observed characterized by many foam cells (A). (Elastica Van Gieson stain)
Histopathological findings
Histopathological findings showed fatty streaks in the thoracic aorta ( Fig. 2) and fibrous plaques in the abdominal aorta, iliac and coronary artery (Fig. 3) . The fatty streaks were characterized by intimal proliferation and contained many foamy cells. The fibrous plaques showed extensive intimal proliferation with considerable collagen and elastin deposition in the superficial region and many foamy cells and lipid deposition in the deeper parts. The fatty streaks and fibrous plaques showed contrasting morphological changes during the 9-month regression period. During this period the fibrous plaques showed no regression, with little change in the size of the lesion or the amount of contained lipid (Fig. 4 ).
However, there was a qualitative change in the appearance of the fatty streaks during the period of regression. There was a disappearance of both along the length of the aorta, but were predominant at the aortic arch and around the orifices of the largest aortic branches. The lesions in the female killed at 6 months were more severe than those in the male. There were no significant macroscopic differences in the severity of aortic lesions in the remaining animals during regression period. In the control animals, lesions were not present at 15 months. control animals during the experiment. Pre {3lipo values showed little variation in both the control or experimental groups during the experiment.
Gross pathological findings
The aortae of animals killed at the end of the 6-month induction period (positive controls) showed visible changes. Lesions were scattered Fig. 4 . Section from the abdominal aorta at tbe end of a 9-month period after having fed an atherogenic diet for 6 months. A severe fibrous plaque is present and regression is not observed. (Elastica Van Gieson stain) Fig. 5 . Section from the thoracic aorta at the end of a 9-month period after having fed an atherogenic diet for 6 months. Regression of. the fatty streak is observed, showing the disappearance of both foamy cells and lipid deposits (A).
(Elastica Van Gieson stain)
foamy cells and lipid deposits. These changes appeared to be associated with the lysis of foamy cells. There was evidence of intimal repair.
Discussion
Hypercholesterolaemia is one of the risk factors associated with atherosclerosis and dietary modification with high levels of cholesterol is generally used for the induction atherosclerosis in experimental animals. In the present study, atherosclerosis was induced by the administration of a high-fat and high-cholesterol diet to Gottingen Miniature Swine for a 6-month period. Serum lipid values increased rapidly and were maintained at this high level during the 6-month Kobari, Koto & Tanigawa induction period. After feeding the atherogenic diet for 6 months there was evidence of advanced atherosclerosis. The importance of an elevated serum lipid level in the pathogenesis of atherosclerosis is well documented, and hypercholesterolaemia and hyper-{3-lipoproteinaemia have a close relationship with the development of the condition. In the present study, the elevation of serum lipids and the severity of the lesions were more marked in females than males. This may be associated with oestrogen secretion as oestrogen suppresses atherosclerosis (Hammond & Nachtigall, 1985; Hough & Zilversmit, 1986; Ettinger, 1987; DeGalan et al., 1988) and in swine the male secretes more oestrogen than the female. Therefore, the less severe atherosclerotic lesions in the male may result from an oestrogen effect.
The serum lipid levels in the experimental group decreased immediately on return to the conventional diet. The baseline level was then maintained throughout the regression period. The ratio between {3-lipoand a-lipo also rapidly returned to pre-experiment levels on return to the conventional diet. Although it might be expected that the lowering of serum lipid would result in the regression of the atherosclerotic lesions, this could not be demonstrated in the case of the fibrous plaque. Daoud et al. (1976) showed that even complicated lesions in swine induced by a combination of mechanical injury and a highfat, high-cholesterol diet regressed when the animals were returned to a low-fat, low-cholesterol diet. In these animals the arterial lesions were characterized by a reduction in thickness and cellularity, a diminution in the amount of lipid, and the disappearance of necrotic centres. In the present study such histopathological findings were not observed in the fibrous plaque lesion. However, in the fatty streaks in thoracic aorta, a qualitative change was observed in the regression period. The foamy cells and the lipid deposits disappeared and there was intimal repair. Donald (1988) reported that early in the regression process, cholesterol esters were reduced, at least partly by hydrolysis to yield cholesterol. After a prolonged period of low plasma cholesterol, cholesterol esters and foamy cells disappeared and crystalline cholesterol gradually dissolved, leading to a true regression. Therefore, the changes seen in the fatty streaks during the regression phase of the present study work may be considered as a true regression of the lesion. Daoud et al. (1976) presented a convincing report of the regression of advanced atheroma in swine, but these authors used a very long (14-month) regression period. Similarly, Armstrong et al. (1970 Armstrong et al. ( , 1972 reported the regression of elevated lipid-rich experimentally induced atherosclerotic lesions in the rhesus monkey after changing to a low-fat or corn-oil enriched, low-cholesterol diet. Here there was a 40-month regression period. Vesselinovitch et al. (1976) reported the successful regression of atherosclerotic lesions in rhesus monkeys after an I8-month regression period. It is considered that the 9-month regression period in the present study is too short for the regression of the fibrous plaque lesion which is a more severe change than the fatty streak. Therefore, a period greater than 9 months may be required for its regression. 
